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Preface to the 19th International ACM/IEEE Conference on
Model Driven Engineering Languages and Systems

We cheerfully welcome you to MODELS 2016, the 19th In-
ternational ACM/ IEEE Conference on Model Driven Engi-
neering Languages and Systems, October 2-7, 2016 in Saint-
Malo, France, the corsair city! The walled town is built like
a stone ship facing out to sea, with its ramparts standing
proudly over long beaches and a lively port.

MODELS is the premier conference series for model-based
software and systems engineering. It covers all aspects of
modeling, from languages and methods to tools and appli-
cations since 1998. MODELS 2016 challenges the modeling
community to promote the magic of modeling by solidifying
and extending the foundations and successful applications of
modeling in areas such as business information and embed-
ded systems, but also by exploring the use of modeling for
new and emerging systems, paradigms, and challenges in-
cluding cyber-physical systems, cloud computing, services,
social media, security, and open source.

We managed to put together an exciting program for re-
searchers, industrial practitioners, students, and educators
in the field of model-driven engineering. MODELS 2016
comprises two main tracks: the Foundations track with sub-
categories technical papers, new ideas papers and visions pa-

pers, and the Practice and Innovation track. Both tracks
invited full, scholarly papers of the highest quality, and sub-
missions were reviewed in accordance with the highest es-
tablished standards of scientific rigor applied in peer review.
Each paper was reviewed by at least three members of the
program committee. The reviewers assessed the submissions
in terms of research problem formulations, novelty and so-
phistication of proposed solutions, clarity and significance
of hypotheses, proper design and execution of experimen-
tal or analytical assessments, sound interpretation of data,
and correct characterization of work in relation to existing
knowledge. The review discussions were overseen by mem-
bers of the program board, and decisions were finalized dur-
ing a physical program board meeting on July 1st and July
2nd in Vienna, Austria. This year, out of 118 papers submit-
ted to the Foundations Track, the PC and the PB accepted
28 (acceptance rate 23.7%). Out of the 27 papers submitted

to the PI Track, 10 were accepted (acceptance rate 37%).
The main conference also hosts 14 workshops, 9 tutori-

als, the educator and doctoral symposia, an ACM Student
Research Competition, and the SAM conference.

The conference program includes demo sessions, a panel
on “User Experience (UX) in Model-Based Software Engi-
neering,” and the presentation of four papers that had first
been published in the predominant journal in the field, the
Journal of Software Systems Modeling, or SOSYM. We are
honored to furthermore feature three distinguished keynotes:
Gordon Blair will reflect on “Grand Challenges, Grand Re-
sponses,” Jim Coplien will argue that “The Straight Line is
Ungodly,” and Edward A. Lee will argue for “Resurrecting
Laplace’s Demon: The Case for Deterministic Models.”

MODELS 2016 would not have been possible without the
significant contributions of many individuals and organisa-
tions. The MODELS Steering Committee provided invalu-
able assistance and guidance, whilst the Program Commit-
tee and the Program Board undertook with dedication the
critical tasks of reviewing and discussing the submissions.
We are also grateful to members of the Organising Commit-
tee for making the necessary arrangements and helping to
publicize the conference and prepare the proceedings. We
thank the authors for their efforts in writing and revising
their papers in accordance with feedback from the review-
ers. We would also like to thank our numerous sponsors: the
platinum sponsor Thales, the gold sponsor Eclipse, the silver
sponsors Obeo, Tata Consultancy Services and Papyrus IC,
and the bronze sponsors GEMOC, Plugbee and Polarsys,
in addition to our sustainable sponsors ACM, ACM Sigsoft,
IEEE and IEEE Computer Society, our supporting publisher
Springer, and our institutional sponsors Inria, University of
Rennes 1 and its foundation, the Brittany region and the
city of Saint-Malo.

We hope you will enjoy the conference!

Jörg Kienzle, Alexander Pretschner, Benoit Baudry and Benoit
Combemale



�����������	
�����

������	�����

�������������������������������

��
��������� ��
���	
�����
�����������	
 �����������	


��
��������	��������� ��
��������	���������

��
�������������
������
���������

����� ����
�	���������
������������

��
������� 	���������

��
������������!"#��������

$�%�������������
!���"�	#
����
�����

��
������� 	���������



&
����
'��
(������
��
�������$��%�#� ����������

)
�����*����
�� !�����&����
����
��������������&��������� '�
��������
���������!
	#��������()�����

���
�����	�����
��
��������)����������������

!�������
�
��� �����
��
����
���������*�
�
����
����� ��������+���
�����
��������+(

�

��+�,�
�������
��	�����
��
�������
������������

�������-��� �����.�	����
����
���������������+ ��� ����������
��������������
��������+(

�
����	����

!������*�������
����
���������,)-
�.�)����,)-
�.�)��

�
#�����.
�/�
#�)����)





	������	����

��4����
����
2	�� �
������	


���������
��	����

������,$��
��
����
���������3�	
������	


����������	�����
��
������� ).��	������������

�00����� $�������
�������
����
���������(��.������+( 4���5����*�����

2
����$����� *
����$�����

/����������� 5��3�����)�
����
���������6��%������
�7����� 3��������������)�
�������������	���8� ��

"��
' $���







	
���������
�������

2�������-����%
�����������	


��
�
�

2
4����
����
����
���������5
��
���������	






�����'���� )���	�����'�������

�"�������*�������-
���� $���'��������%�����,���
� ��!��

*�������&��������� +������&����

���������������"�
����� .'��������������������������"����

��������!���
�,'����



����������	
���	�������	���������

� ������	���������������	�
�
������������
�������������������

� ������	��������������	�����������������������

� ����	��������������	�
�
�����
����	�������������

� ���	��������� �����	����������	��!��"��	
����#��������

� �����	���������������	����$�%���������#��������

�  ���!	"��������&	���������	������'��

� ������	"�������(��&������	��)�������

� #�����	"�������������	����$���*����������*��������

� $��%���	"��!�� �����	����������	��!��%+�������#��������

� ����&$�����	"������������	����$� ���	���)�������

� '�����	��((�����������	����
��������
��
��%������(������

� $�����	����������"����$�,��$�,������	���
�#���������������	��������
����

� 
��!	���������$$���
�-������������	������'��

� �����	�������)���
��(������������������	�������&��

� �����))�	��������������	����$�������)�������

� *�(!�(��%	�(��������������	����$�.�������,���
���

� �������	+��)��(����������������	����� ������������
	��

� ������	+���������������	��/�
��������)�������

� �������	+�������0����	�������	�����,���
���

� ,����!	+������%�%�	����������	������
�������	����$�.�������,���
���

�  ���	-�������$������1�����������(�	��������,%�����&��

� ����������	.���������,2����3��4����

� .���	.������,���
�������������	�������&��

� /�����	.������-�		����������(�	��������������������	����$���	
����#��������

� $�����	.��������������	��!��3�������#��������

� ����	.����!����������4�������	��!��-��������#��������

� .��������	.��((������)�
�����������	����$�1	������������3��4����

� ���%��	/����������������	��!��"��	����21		����#��������

� 0���	/������������	����$������	������'��

� �����	/������������������������	����$�����������
� ����������������

� ,��������	/�����������(�	�������$�(�$������	��5������

� $�������	*�����������������	����$�%�����������&��

� ������	*�������,���
���������	�����,���
���

� ���1���	*������������	����$���*����������*��������

� ����	+�	#�����������	�
�
�&������
��%�
��
���������



� /���!	$��������������	����$��6&7������(������

� .�����	$�����������%�#����������	�����,���
���

� 2�����	3�����(�( �������	����
�� ���	���)�������

� 0������	�������������	����$�8�9���'��

� +�����	��������,�������������	�����,���
���

� �����	0�������������	����$� ������� ������������
	��

� �����	0������%( ����&��

� "�������	0��)����. -�&������������	�����#��������

� 2��	�����%���� �����	����������	��!��3����	��������#��������

� �����	����������(� 1)���������

� �������	���������������	����$�1
����������'��

� -�����	�!�������������	��/�
��%���/����,���
���

� ����(��	'��������( �������	����$�,����������"�����9��

� ���	'��������������	����$������	������'��

� $�����	'������� �����	����������	��!��.�����&�	������

� ���%%��	,���������'���6	�,��������
����'��

��������	4	2���������	
���	�������
���������

� �����	"�������������	����$����$$���
���'��

� �������	���������,��#�������#��������

� /�����	0������$���		��#��������

� /����	/�������:))(���#��������

� /���	*�(������&33�,���������	�������#��������

� ���	�����))�������
�	�&#��#��������

� �5��	+5����)�����$���(1�1��#��������

� $����	-��������5��������	������������������
������	��

� $��	'�������������	����$�%����	������&��

� 3!�����	/��������������

� 0��%	0���������#��������

� 0����	������������������	����$�%������
����&��

� 0�����	"������������%���
���9�������
������	��

� 0�����	-���������'�3��#��������

� ��������	
���������(9��������������

� 
��	6�������������	�����������������������





MODELS’16

Table of Contents
FP → Foundation Papers PIP → Practice and Innovation Papers

NIP → New Idea Papers VP → Vision Papers

Preface . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . iii

Organizing Committee . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . iv

Program Board . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . xi

Program Committee . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . xiii

Sponsors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . xv

I Domain-Specific Modelling . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1

Multi-Variability Modeling and Realization for Software Derivation in Industrial
Automation Management (PIP) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2
Miao Fang - University of Kaiserslautern, Germany
Georg Leyh - Siemens AG, Germany
Joerg Doerr - Fraunhofer Institute IESE, Germany
Christoph Elsner - Siemens AG, Germany

A Model-based Approach for Multi-Device User Interactions (FP) . . . . . . . . . . . . 13
Christian Prehofer - fortiss GmbH, Germany
Andreas Wagner - TU München, Germany
Yucheng Jin - fortiss GmbH, Belgium

Using Free Modeling as an Agile Method for Developing Domain Specific Model-
ing Languages (PIP) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24
Fahad R. Golra - Telecom Bretagne, France
Antoine Beugnard - Telecom Bretagne, France
Fabien Dagnat - Telecom Bretagne, France
Sylvain Guerin - Openflexo, France
Christophe Guychard - Openflexo, France

xvi



II Applications I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35

Supporting the Model-Driven Development of Real-time Embedded Systems with
Run-Time Monitoring and Animation via Highly Customizable Code Generation
(VP) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36
Nondini Das - School of Computing, Queen’s University, Canada, Canada
Suchita Ganesan - School of Computing, Queen’s University, Canada, Canada
Leo Jweda - School of Computing, Queen’s University, Canada, Canada
Mojtaba Bagherzadeh - School of Computing, Queen’s University, Canada, Canada
Nicolas Hili - School of Computing, Queen’s University, Canada, Canada
Juergen Dingel - School of Computing, Queen’s University, Canada, Canada

Model-driven Performance Prediction of Systems of Systems . . . . . . . . . . . . . . . 44
Katrina Falkner - University of Adelaide
Claudia Szabo - University of Adelaide
Vanea Chiprianov - University of Pau
Gavin Puddy - University of Adelaide
Marianne Rieckmann - University of Adelaide
Dan Fraser - University of Adelaide
Cathlyn Aston - University of Adelaide

Automatic Generation of Detailed Flight Plans from High-level Mission Descrip-
tions (FP) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45
Davide Di Ruscio - University of L’Aquila, Italy
Ivano Malavolta - Vrije Universiteit Amsterdam, Netherlands
Patrizio Pelliccione - Chalmers University of Technology / University of Gothenburg, Sweden
Massimo Tivoli - University of L’Aquila, Italy

III Modelling and Formal Methods . . . . . . . . . . . . . . . . . . . . . . . . . . . 56

Towards a Categorical Approach for Meta-Modelling Epistemic Game Theory (NIP) 57
Fazle Rabbi - Bergen University College, Bergen, Norway, Norway
Yngve Lamo - Bergen University College, Norway
Ingrid Chieh Yu - University of Oslo, Norway

OCL2MSFOL: A Mapping to Many-Sorted First-Order Logic for Efficiently Check-
ing the Satisfiability of OCL Constraints (FP) . . . . . . . . . . . . . . . . . . . . . . . . . 65
Carolina Dania - IMDEA Software Institute, Spain
Manuel Clavel - IMDEA Software Institute, Spain

On the Synthesis of Protocol State Machines from Contracts (FP) . . . . . . . . . . . . 76
Piotr Kosiuczenko - Institute of Information Systems, WAT, Poland

IV Modelling Models . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 86

Towards the Characterization of Realistic Models: Evaluation of Multidisciplinary
Graph Metrics (NIP) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 87
Gabor Szarnyas - Budapest University of Technology and Economics, Hungary
Zsolt Kovari - Budapest University of Technology and Economics, Hungary
Agnes Salanki - Budapest University of Technology and Economics, Hungary
Daniel Varro - Budapest University of Technology and Economics, Hungary

Unifying Explanatory and Constructive Modeling (VP) . . . . . . . . . . . . . . . . . . . 95
Thomas Kuehne - Victoria University of Wellington, New Zealand



Metamodel Specialization for Graphical Modeling Language Support (FP) . . . . . .103
Audris Kalnins - Institute of Mathematics and Computer Science, University of Latvia, Latvia
Janis Barzdins - Institute of Mathematics and Computer Science, University of Latvia, Latvia

V Applications II . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .113

Visual Modeling of RESTful Conversations with RESTalk . . . . . . . . . . . . . . . . .114
Ana Ivanchikj - Universit della Svizzera italiana
Cesare Pautasso - Universit della Svizzera italiana
Silvia Schreier - innoQ Deutschland GmbH

Formalizing Knowledge in Multi-Scale Agent-Based Simulations (NIP) . . . . . . . . .115
Endre Somogyi - Indiana University, United States
James P. Sluka - Indiana University, United States
James A. Glazier - Indiana University, United States

Process Mining Using BPMN: Relating Event Logs and Process Models . . . . . . . .123
Anna A. Kalenkova - National Research University Higher School of Economics
Wil M. P. van der Aalst - Eindhoven University of Technology
Irina A. Lomazova - National Research University Higher School of Economics
Vladimir A. Rubin - Dr. Rubin IT Consulting

VI Models and Code . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .124

ThingML: A Language and Code Generation Framework for Heterogeneous Tar-
gets (FP) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .125
Nicolas Harrand - SINTEF, Norway
Franck Fleurey - SINTEF, Norway
Brice Morin - SINTEF, Norway
Knut Eilif Husa - Tellu AS, Norway

Modern C++ as a Modeling Language for Automated Driving and Human-Robot
Collaboration (NIP) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .136
Daniel Tuchscherer - Hochschule Heilbronn, Automotive Systems Engineering, Germany
Alexander Weibert - Hochschule Heilbronn, Automotive Systems Engineering, Germany
Frank Trnkle - Hochschule Heilbronn, Automotive Systems Engineering, Germany

Handling Index-Out-Of-Bounds in Safety-Critical Embedded C Code Using Model-
based Development (PIP) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .143
Gunter Blache - ETAS GmbH, Germany

VII Empirical Investigations I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .150

Controlled Experiment on the Comprehension of Runtime Phenomena Using Mod-
els Created at Design Time (FP) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .151
Michael Szvetits - Software Engineering Group, University of Applied Sciences Wiener Neustadt,
Austria
Uwe Zdun - Software Architecture Research Group, University of Vienna, Austria

Technical Debt in MDE: A Case Study on GMF/EMF-Based Projects (PIP) . . . . .162
Xiao He - University of Science and Technology Beijing, China
Paris Avgeriou - University of Groningen, Netherlands
Peng Liang - Wuhan University, China



Zengyang Li - Wuhan University, China

The Quest for Open Source Projects that Use UML: Mining GitHub (FP) . . . . . .173
Regina Hebig - Chalmers / Gothenburg University, Sweden
Truong Ho Quang - Chalmers / Gothenburg University, Sweden
Gregorio Robles - GSyC/LibreSoft, Universidad Rey Juan Carlos, Spain
Michel Chaudron - Chalmers / Gothenburg University, Sweden
Miguel Angel Fernandez - GSyC/LibreSoft, Universidad Rey Juan Carlos, Spain

VIII Testing and Simulation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .184

Incremental Diagram Layout for Concrete Syntax Migration (PIP) . . . . . . . . . . .185
Ulf Rüegg - Kiel University, Germany
Rajneesh Lakkundi - National Instruments, India
Ashwin Prasad - National Instruments, India
Anand Kodaganur - National Instruments, India
Christoph Daniel Schulze - Kiel University, Germany
Reinhard von Hanxleden - Kiel University, Germany

A Generic Framework for Model-Set Selection for the Unification of Testing and
Learning MDE Tasks (FP) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .196
Edouard Batot - DIRO, Université de Montréal, Canada
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Dániel Varró - Budapest University of Technology and Economics, MTA-BME Lendület Research
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